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METHOD FOR FORMING A SEMICONDUCTOR DEVICE HAVING 

ISOLATION REGIONS 

Field of the Invention 
5 This invention relates generally to a method for forming semiconductor 

devices, and more specifically, to a method for forming isolation regions. 

Background 

As semiconductor devices are scaled down (i.e., decreased in size), the 
distance between a source and a drain of a transistor decreases. The decreased 
distance increases the possibility of a leakage path between the source and the 
drain. The leakage path allows charge to leak from the transistor even when the 
transistor is in the "off 5 state. The leaked charge can drain a power supply 
source for the transistor and, thus is especially problematic for low power 
applications. For at least these reasons, a need exists for a method to decrease 
the leakage current between the source and the drain of transistors. 

Brief Description of the Drawings 
The present invention is illustrated by way of example and is not limited 
20 by the accompanying figures, in which like references indicate similar 
elements. 

FIG. 1 illustrates in cross-section a portion of a semiconductor device 
having semiconductor layers formed over a semiconductor substrate in 
accordance with one embodiment of the present invention; 
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FIG. 2 illustrates the semiconductor device of FIG. 1 after forming a 
dielectric layer, a gate electrode and spacers in accordance with one 
embodiment of the present invention; 

FIG. 3 illustrates the semiconductor device of FIG. 2 after removing an 
5 epitaxial layer "in accordance with one embodiment of the present invention; 

FIG. 4 illustrates another portion and view of the cross-sectional portion 
of the semiconductor device of FIG. 3 in accordance with one embodiment of 
the present invention; 

FIG. 5 illustrates the semiconductor device of FIG. 3 after forming 
10 insulating layers in accordance with one embodiment of the present invention; 

FIG. 6 illustrates the semiconductor device of FIG. 5 after forming 
current electrode dielectric isolation structure in accordance with one 
embodiment of the present invention; 

FIG. 7 illustrates the semiconductor device of FIG. 6 after removing 
15 portions of current electrode dielectric isolation structures in accordance with 
one embodiment of the present invention; and 

FIG. 8 illustrates the semiconductor device of FIG. 7 after forming 
current electrode regions. 

Skilled artisans appreciate that elements in the figures are illustrated for 
20 simplicity and clarity and have not necessarily been drawn to scale. For 
example, the dimensions of some of the elements in the figures may be 
exaggerated relative to other elements to help improve the understanding of the 
embodiments of the present invention. 
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Detailed Description of the Drawings 
Illustrated in FIG. 1 is a cross-section of a semiconductor device 10 with 
isolation regions 14 formed within the semiconductor device 10 and a first 
semiconductor layer 16 and a second semiconductor layer 18 formed over the 
5 semiconductor device 10. In a preferred embodiment, the semiconductor 
device 10 is silicon, but the semiconductor device 10 may be silicon 
germanium, gallium arsenide, the like, and combinations of the above. The 
isolation regions 14 may be shallow trench isolation (STI) regions formed using 
conventional methods. In the embodiments shown in FIG. 1, the isolation 

10 regions 14 are coplanar with the top surface of the semiconductor substrate 12. 
In another embodiment, the isolation regions 14 are higher than the top surface 
of the semiconductor substrate 12. 

After providing a semiconductor substrate 12 and forming the isolation 
regions 14, the first semiconductor layer 16 is formed, in one embodiment, by 

15 epitaxially growing a silicon germanium (SiGe) or silicon (Si) layer. 

Alternatively, an amorphous layer can be deposited and recrystallized via 
heating to form a crystalline structure for the first semiconductor layer 16. In 
another embodiment, a top portion of the semiconductor substrate 12 can be 
heavily implanted, for example, with germanium and then recystallized via 

20 heating to form the first semiconductor layer 16. As will become apparent 

below, it is desirable that the first semiconductor layer 16 is crystalline in order 
for overlying second semiconductor layer 18 to be a crystalline layer if formed 
by epitaxial growth. 

The second semiconductor layer 18 is formed over the first 

25 semiconductor layer 16. In one embodiment, the second semiconductor layer 
18 is epitaxially grown monocrystalline silicon (Si) that is grown from the first 
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semiconductor layer 16, which in this embodiment is SiGe. As will become 
apparent below, the second semiconductor layer 18 will serve as a channel 
region for the semiconductor device and, thus it is desirable that the second 
semiconductor layer 18 has a crystalline structure to achieve the desired 
5 electrical properties in the channel region. The second semiconductor layer 18 
can be any semiconductor material and is preferably crystalline. 

After forming the first semiconductor layer 16 and the second 
semiconductor layer 18, a first dielectric layer 20 is formed over the second 
semiconductor layer 18, as shown in FIG. 2. A portion of the first dielectric 

10 layer 20 will serve as the gate dielectric for the semiconductor device, as will be 
better understood after further processing is explained. 

A conductive layer is formed over the first dielectric layer 20 and 
patterned to form a gate electrode 22 (a current electrode 22). The gate 
electrode 22 may be a polysilicon gate or a metal gate. Any suitable materials 

15 may be used. 

After forming the gate electrode 22, a nitride layer, which is a dielectric 
layer, is deposited over the semiconductor device 10 and anisotropically etched 
to form nitride spacers 24, which serve to isolate the gate electrode 22 from 
other layers. In one embodiment, an (optional) oxide liner may be present 

20 between the nitride spacers 24 and the gate electrode 22. 

Formed over the nitride spacers 24 is a second dielectric layer, which in 
one embodiment is silicon dioxide formed using tetraethyorthosilane (TEOS). 
Alternatively, any dielectric material may be used. The second dielectric layer 
is anisotropically etched to from dielectric spacers 26, which are optional. The 

25 patterned gate electrode 22, the nitride spacers 24, and the dielectric spacers 26 
are illustrated in FIG. 2. 
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As shown in FIG. 3, after forming the spacers 24 and 26 the first 
dielectric layer 20, the second semiconductor layer 1 8 and the first 
semiconductor layer 16 are etched using the dielectric spacers 26 as a hardmask 
and the first semiconductor layer 16 is then removed. In one embodiment, a 
5 plasma etch is performed to etch the first dielectric layer 20, the second 

semiconductor layer 18, and the first semiconductor layer 16 using conventional 
chemistries. The plasma etch may etch into the semiconductor substrate 12 and 
form recesses 27 in the semiconductor substrate 12. The recesses 27 may be 
formed because the etch chemistries used to pattern the second semiconductor 

10 layer 18 and the first semiconductor layer 16 may not be sufficiently selective 
to the material used for the semiconductor substrate 12. 

After etching the first dielectric layer 20, the second semiconductor layer 
18, and the first semiconductor layer 16, portions of the first semiconductor 
layer 16 are removed using a wet or plasma etch to form a gap or void 28. The 

15 chemistry is selective to the second semiconductor layer 18, the semiconductor 
substrate 12 and the first dielectric layer 20 and the dielectric spacers 26. For 
example, dilute HF, nitric acid and water may be used to etch the first 
semiconductor layer 16 if the first semiconductor layer 16 is silicon germanium, 
the second semiconductor layer 18 and the semiconductor substrate 12 are 

20 silicon and the first dielectric layer 20 and the dielectric spacers 26 are silicon 
dioxide. In the embodiment shown in FIG. 3, substantially all of the first 
semiconductor layer 16 is removed. However, if the gate length is greater than 
or equal to approximately 0.6 microns, a portion of the first semiconductor 
layer 16 (remaining portion of the first semiconductor layer 16) may remain 

25 underneath the gate electrode 22. The remaining portion of the first 

semiconductor layer 16 will be approximately in the center of the gap 28 



-5- 



SC12928TP 



because the chemistry is unable to remove all of the first semiconductor layer 
16. In other words, if the gate length is long enough, the gap 28 may be divided 
by a portion of the first semiconductor layer 16 that is not removed. However, 
in the embodiment illustrated in FIG. 3, the entire first semiconductor layer 16 
5 is removed. 

When the first semiconductor layer 16 is removed to form the gap 28, the 
layers above the gap 28 are supported by the gate electrode 22 and the nitride 
spacers 24 and the dielectric spacers 26 in portions of the semiconductor device 
10, which are not shown in FIG. 3 but are illustrated in FIG. 4. FIG. 4 is a 

10 cross-sectional view of FIG. 3 in the direction that is perpendicular to the page 
(i.e., in and out of the page). Thus, the structures in FIGs. 3 and 4 are 
perpendicular to each other. 

As illustrated in FIG. 4, the first dielectric layer 20 wraps around the 
second semiconductor layer 18 and had wrapped around the first semiconductor 

15 layer 16. In other words, the first dielectric layer 20 isolates the second 
semiconductor layer 18 from the gate electrode 22. When the first 
semiconductor layer 16 is removed, the first dielectric layer 20 may wrap 
around the gap 28. Alternatively, the first dielectric layer 20 that wrapped 
around the first semiconductor layer 16 may be removed when forming the gap 

20 28. The gate electrode 22 extends over the first dielectric layer 20 to the 
isolation regions 14. In addition, the nitride spacers 24 and the dielectric 
spacers 26, as shown in FIG. 4, may also terminate on the isolation regions 14. 

FIG. 5 illustrates the semiconductor device 10 of FIG. 3 after filling the 
gap 28 to form a tunnel subjacent layer 29. After removing at least a portion of 

25 the first semiconductor layer 16, a second dielectric layer 30 and a third 

dielectric layer 34 are formed at least within the gap 28. The second dielectric 
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layer 30 and the third dielectric layer 34 may be formed by rapid thermal 
oxidation (RTO) to create a high quality interface between the bottom surface 
of the second semiconductor layer 1 8 and the second dielectric layer 30 and the 
top of the semiconductor substrate 12 and the third dielectric layer 30. A high 
5 temperature oxide (HTO) may be deposited after the RTO in order to thicken 
the second dielectric layer 30 and the third dielectric layer 30 to the desired 
thickness. Since the semiconductor device 10 is not masked during the 
processes to form the second dielectric layer 30 and the third dielectric layer 34, 
any exposed surfaces will be oxidized. Thus, as shown in FIG. 5, the second 
10 dielectric layer 30 is in contact with a portion of the gate electrode 22, a portion 
of the dielectric spacers 26, a portion of the first dielectric layer 20 and a 
portion of the second semiconductor layer 18. In addition, the third dielectric- 
layer 34 is in contact with the semiconductor substrate 12 including the recesses 
27. 

15 After forming the second dielectric layer 30 and the third dielectric layer 

34, nitride layer 32 is chemically vapor deposited (CVD) or plasma vapor 
deposited (PVD). A nitride (e.g., Si 3 N 4 ) is desirable because it prevents 
oxidation of the second semiconductor layer 18. Furthermore, the nitride 
should be selective to the first dielectric layer 20, the second dielectric layer 30, 

20 and the third dielectric layer 34 so that when the nitride is removed these layers 
are not affected. Thus, any other material besides a nitride that has these 
properties can be used. The nitride layer 32 is formed between the second 
dielectric layer 30 and the third dielectric layer 34 as well as over the portions 
of the second dielectric layer 30 that are outside the gap 28. The nitride layer 

25 32, the second dielectric layer 30 and the third dielectric layer 34 form an 
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isolation region (i.e., channel isolation structure or layer) for and under the 
second semiconductor layer 18 (i.e., channel structure 18). 

As shown in FIG. 6, the nitride layer 32 is anisotropically etched to 
remove portions of the nitride layer 32 over the third dielectric layer 34 in the 
5 recesses 27 (i.e., feet of the nitride layer 32). In addition, portions of the nitride 
layer 32 that are horizontal, such as those over the gate electrode may also be 
removed. A fluorine-based chemistry, such as CF 4 , may be used. 

After removing portions of the nitride layer 32, the top or exposed 
surface of the semiconductor substrate 12 is oxidized to form current electrode 

10 dielectric isolation structures 36, as shown in FIG. 6. To form the current 

electrode dielectric isolation structures 36 the semiconductor substrate 12 may 
be oxidized or oxide may be formed over an oxide that has been previously 
created over the semiconductor substrate 12 during processing, such as a 
portion of the third dielectric layer 34. Thus, if present, the recesses 27 may be 

15 oxidized. A dry oxidation, wet oxidation, or combinations of the two may be 
performed to form the current electrode dielectric isolation structures 36. 

In one embodiment, the current electrode dielectric isolation structures 36 
are approximately 500 to 1000 Angstroms (50-100 nanometers), or preferably 
approximately 50 to 500 Angstroms (5-50 nanometers) or more preferably 

20 approximately 100-300 Angstroms (10-30 nanometers) in thickness. 

Regardless, the current electrode dielectric isolation structures 36 should not 
fully cover the sidewalls of the second semiconductor layer 18 when the source 
and drains are being formed because the second semiconductor layer 1 8 will be 
subsequently used to epitaxial grow current electrodes. 

25 In one embodiment, the current electrode dielectric isolation structures 36 

may also be nitrided and thus may be regions of oxynitride. If the 
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semiconductor substrate 12 is silicon, the current electrode dielectric isolation 
structures 36 may be silicon dioxide or if nitrided, silicon oxynitride. The 
temperature for the oxidation is preferably between 700 to 1 100 degrees 
Celsius. In the embodiment shown in FIG. 6, the current electrode dielectric 
5 isolation structures 36 will be formed within the semiconductor substrate 12 and 
will be in contact with the isolation region 14 and the third dielectric layer 34. 
To prevent the top of the gate electrode 22 from oxidizing during the formation 
of the current electrode dielectric isolation structures 36 an anti-reflective 
coating (ARC) may be present. The ARC may have been formed when etching 

10 the gate electrode 22 and may not have been removed until after the formation 
of the current electrode dielectric isolation structures 36. 

After forming the current electrode dielectric isolation structures 36, 
portions of the nitride layer 32 that remain outside the tunnel subjacent layer 29 
are removed using an etch process that, in one embodiment, is selective to the 

15 material used for the second dielectric layer 30. (A skilled artisan should 

recognize that portions of the nitride layer 32 that are at the ends of the tunnel 
subjacent layer 29 may also be removed.) Furthermore, it is desirable that the 
chemistry used to remove portions of the nitride layer 32 is selective to the 
current electrode dielectric isolation structures 36. Next, portions of the second 

20 dielectric layer 30 outside the gap 28 are removed via etching. (A skilled 

artisan should recognize that portions of the nitride layer 32 that are at the ends 
of the tunnel subjacent layer 29 may also be removed.) Since the second 
dielectric layer 30 and the current electrode dielectric isolation structures 36 are 
both dielectric materials and may even be the same materials, it is likely that 

25 some of the current electrode dielectric isolation structures 36 will be removed 
while etching the second dielectric layer 30. However, the second dielectric 
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layer 30 is thin relative to the current electrode dielectric isolation structures 36 
so the amount of removal of the current electrode dielectric isolation structures 
36 is either trivial or can be accounted for when determining the thickness of 
the current electrode dielectric isolation structures 36. The resulting structures 
5 after removal of portions of the nitride layer 32 and the second dielectric layer 
30 that are outside the tunnel subjacent layer 29 are shown in FIG. 7. 

As shown in FIG. 8, after removing portions of the second dielectric 
layer 30 and the nitride layer 32 that are outside the tunnel subjacent layer 29, 
current electrode regions/structures 40 are formed by selective epitaxially 

10 growth from the second semiconductor layer 18. In other words, only the 
current electrode regions 40 are grown. Thus, if the second semiconductor 
layer 18 is silicon, the current electrode regions 40 may be silicon (Si), SiGe or 
SiGeC. The current electrodes regions 40 may be doped after the 
semiconductor material is grown epitaxially or may be doped during epitaxial 

15 growth. Each of the current electrode regions 40 is either a source or drain 
(region). 

By now it should be appreciated that there has been provided a method 
for forming a semiconductor device having three isolation regions: 1) the 
second dielectric layer 30, the nitride layer 32, and the third dielectric layer 34 

20 in the gap 28; 2) the current electrode (semiconductor) structure 40; and 3) the 
current electrode dielectric isolation structure 36. In one embodiment, the 
semiconductor device is an isolated transistor. The current electrode dielectric 
isolation structures 36 prevent or minimize the leakage path between the current 
electrodes 40 through the semiconductor substrate 12. The second dielectric 

25 layer 30, the nitride layer 32, and the third dielectric layer 34 in the gap 28 
prevent or minimize current leakage within the channel. 
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The presence of the three isolation regions makes the semiconductor 
substrate behave like a silicon-on-insulator (SOI). substrate. Hence, the 
semiconductor device 10 is a pseudo-SOI. In addition, having the three 
isolation regions for a semiconductor device instead of the buried oxide (BOX) 
5 layer allows for a thinner oxide or dielectric layer. Furthermore, an SOI wafer 
is more expensive than purchasing a semiconductor device having three 
isolation regions formed in a semiconductor layer for a semiconductor device. 

In addition, the process of forming the current electrode dielectric 
isolation structures 36 can be tailored to specific semiconductor devices or 

10 transistors, thus the process is selective. In other words, only some or one 

semiconductor device on a semiconductor wafer may have the current electrode 
dielectric isolation structures 36, while others do not have the current electrode 
dielectric isolation structures 36. In addition, some or one semiconductor 
device on a semiconductor wafer may have the channel isolation (structure). 

15 Furthermore, benefits may occur due to the current electrode dielectric 

isolation structures 36 stressing the channel isolation (structure). When oxide 
is formed it expands in volume and thus the current electrode dielectric 
isolation structures 36 may be exerting a compressive stress on the channel 
isolation (structure), which may improve hole and electron mobility and other 

20 electrical characteristics. 

The transistor terms used herein may refer to one or both of a post- 
production, functional structure (e.g., a channel of a functional transistor) or a 
pre-fabrication precursor to such a structure (e.g., a structure which, upon 
completion of fabrication, will become a channel of a functional transistor). 

25 For example, during fabrication, the term "channel structure" refers to a channel 
precursor. Layer 18 in Figure 2 is an example of one such channel structure 
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which becomes a channel in FIG. 8 upon being coupled to current electrode 
structures (e.g., source and drain electrodes 40) for operation with a control 
structure (e.g., under control of control/gate electrode 22 of Figure 8). 

In the foregoing specification, the invention has been described with 
5 reference to specific embodiments. However, one of ordinary skill in the art 
appreciates that various modifications and changes can be made without 
departing from the scope of the present invention as set forth in the claims 
below. For example, the current electrode dielectric isolation structures 36 can 
be formed at a different point in the process provided a nitride layer can be used 
10 to protect the first dielectric layer 20 and the channel isolation structure, as it 
does in the embodiment described. Accordingly, the specification and figures 
are to be regarded in an illustrative rather than a restrictive sense, and all such 
modifications are intended to be included within the scope of the present 
invention. 

15 Moreover, the terms "front", "back", "top", "bottom", "over", "under" 

and the like in the description and in the claims, if any, are used for descriptive 
purposes and not necessarily for describing permanent relative positions. It is 
understood that the terms so used are interchangeable under appropriate 
circumstances such that the embodiments of the invention described herein are, 

20 for example, capable of operation in other orientations than those illustrated or 
otherwise described herein. 

Benefits, other advantages, and solutions to problems have been 
described above with regard to specific embodiments. However, the benefits, 
advantages, solutions to problems, and any element(s) that may cause any 

25 benefit, advantage, or solution to occur or become more pronounced are not to 
be construed as a critical, required, or essential feature or element of any or all 
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the claims. As used herein, the terms "comprises," "comprising," or any other 
variation thereof, are intended to cover a non-exclusive inclusion, such that a 
process, method, article, or apparatus that comprises a list of elements does not 
include only those elements but may include other elements not expressly listed 
5 or inherent to such process, method, article, or apparatus. 
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